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(57) ABSTRACT 

Integrated circuit transmission lines are designed to match 
elements at opposing ends of the transmission line over a 
frequency range of interest. By modifying characteristics of 
the transmission line over the length of the transmission line, 
from a ?rst end coupled to a ?rst external element to a second 
end coupled to a second external element, return loss is 
improved. In various embodiments one or more of the Width 
of the conductors and the distance between adjacent edges of 
the conductors are modi?ed across the length of the transmis 
sion line. In an alternative embodiment, the conductors of the 
transmission line are segmented With each segment having a 
length and a Width across the segment. 
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INTEGRATED CIRCUIT TRANSMISSION 
LINES, METHODS FOR DESIGNING 

INTEGRATED CIRCUITS USING THE SAME 
AND METHODS TO IMPROVE RETURN 

LOSS 

BACKGROUND 

[0001] Transmission lines in conventional integrated cir 
cuit packages are designed to match a desired impedance 
level, generally identi?ed by a resistive value. For example, 
integrated circuits have been produced With transmission 
lines having impedance values that range from tens of Ohms 
to about a hundred Ohms depending on application speci?c 
needs to match circuits and devices that are not part of the 
integrated circuit. 
[0002] A transmission line is a pair of parallel conductors 
exhibiting certain characteristics due to distributed capaci 
tance and inductance along the length of the transmission 
line. Every transmission line possesses a characteristic 
impedance, usually designated as Z0. Z0 is the ratio of elec 
trical potential, E, to current, I, at every point along the 
transmission line. If a load equal to the characteristic imped 
ance is placed at the output end of any length of a transmission 
line, the same impedance Will appear at the input terminals of 
the line. The characteristic impedance determines the amount 
of current that can ?oW When a given voltage is applied to an 
in?nitely long transmission line. Even though characteristic 
impedance is quanti?ed by a measure of electrical resistance 
in Ohms, the characteristic impedance of a transmission line 
is entirely different from the leakage resistance of the dielec 
tric separating the tWo conductors and the metallic resistance 
of the Wires themselves. Characteristic impedance is a func 
tion of the capacitance and inductance distributed along the 
line’s length. Thus, characteristic impedance Would exist 
even if the dielectric Was perfect and the metal used in the 
transmission lines had no series resistance. 
[0003] It is desirable to match the characteristic impedance 
of transmission lines to other circuits, elements and external 
devices because the mo st ef?cient transfer of electrical energy 
takes place When the characteristic impedance of a ?rst cir 
cuit, element or external device matches the characteristic 
impedance of the transmission line. When the characteristic 
impedance of the transmission line matches the impedance of 
a coupled circuit, element, or external device, energy Will 
traverse the interface Without re?ection. Thus, no signal 
poWer Will be lost. 
[0004] An example simpli?ed metalliZation layer of an 
integrated circuit With conventional transmission lines is 
illustrated in FIG. 1. The arrangement in FIG. 1 is a top plan 
vieW that illustrates the relative locations of four conductors 
along a portion of a metalliZation layer 10. The metalliZation 
layer 10 includes a left-side ground (AGND) conductor 12 
and a right-side ground (AGND) conductor 14 along With a 
transmission line 13 and a transmission line 15. The trans 
mission line 13 and the transmission line 15 each have char 
acteristic impedances of 100 Ohms. That is, a circuit, ele 
ment, or external device coupled to the transmission line 13 or 
the transmission line 15 Will encounter a resistance of 100 
Ohms. 
[0005] MicroWave theory indicates that varying the physi 
cal dimensions of a transmission line along its length Will 
vary the characteristic impedance along the transmission line. 
HoWever, the transmission line must have a length that is an 
integer multiple of 1/4 the Wavelength of the signal frequency 
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and must be coupled to a ?xed load. Both conditions, for 
reasons explained in greater detail beloW, are not present 
When communicating high frequency signals in an integrated 
circuit coupled to a load With varying impedance. 
[0006] The implementation of a transmission line, such as 
the transmission line 13 and the transmission line 15 intro 
duces a number of challenges. First, load impedances are not 
constant over frequency and temperature. Nearly all loads can 
be modeled as a resistor-capacitor (RC) netWork or a circuit 
of resistors and capacitors. The resistance value of a resistor 
varies With temperature. Similarly, the capacitance value of a 
capacitor varies With frequency. Consequently, When a trans 
mission line is intended to match a desired impedance, signal 
return loss Will vary With environment and circuit conditions. 
Return loss suffers signi?cantly When the transmission line 
13 or the transmission line 15 carry a high-frequency signal as 
the actual impedance Will be loWer than the desired imped 
ance. 

[0007] Furthermore, transmission lines implemented in an 
integrated circuit are not in?nite in length. Not only are the 
transmission lines in an integrated circuit ?nite in length, but 
signals up to about 10 GHZ Will generally not have a length 
that is an integer multiple of a quarter of the Wavelength of the 
signal. For example, a l GHZ signal has a Wavelength of 30 
centimeters. Whereas a 10 GHZ signal has a Wavelength of 3 .0 
centimeters. The length of an integrated circuit transmission 
line Will rarely be a multiple of 1A of 3 .0 centimeters. Accord 
ingly, for at least these reasons, the transmission line itself 
Will be responsible for some return loss due to re?ections 
caused by the length of the transmission line. 
[0008] Moreover, the various sets of conductors forming 
the multiple transmission lines in an integrated circuit Will 
vary in length from transmission line to transmission line as 
not every path through the integrated circuit Will have a simi 
lar length. 
[0009] With the development of increasingly faster inte 
grated circuits there is a corresponding increase in the 
demands made upon integrated circuits and integrated circuit 
assemblies for ef?ciency and frequency response. For 
example, the Commission Electrotechnique Internationale 
(CEI or International Electrotechnical Commission) has pub 
lished a speci?cation for return loss over frequency that limits 
the magnitude of acceptable return loss for integrated circuits, 
sub-assemblies and completed devices in Which the circuits 
are used. 

[0010] The plots of FIG. 2 and FIG. 3 reveal example time 
domain re?ectometry data and return loss data, respectively 
for tWo example combinations. FIG. 2 illustrates the time 
domain re?ectometry (TDR) data for a ?rst combination of a 
printed-circuit board and a conventional 100 Ohm package, 
as Well as a second combination of a die, a printed-circuit 
board and a 100 Ohm transmission line. The plot shoWs time 
in nanoseconds (ns) from a reference time of 0.0 nanoseconds 
at the left most side of the plot to 0.8 nanosecond at the right 
most side of the plot vs. impedance in Ohms over a range of 
80 to 100 moving up the plot. 
[0011] As indicated by the trace 20 the ?rst combination of 
the printed circuit board and the conventional 100 Ohm pack 
age has a TDR of approximately 100 Ohms from 0.0 nano 
seconds to nearly 0.225 nanoseconds. From approximately 
0.225 nanoseconds to about 0.375 nanoseconds, the TDR 
falls to a local minimum of approximately 87 Ohms. There 
after, from betWeen approximately 0.375 nanoseconds and 
0.550 nanoseconds, the TDR rises until the TDR reaches 
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about 100 Ohms. From about 0.550 nanoseconds to approxi 
mately 1.0 nanosecond, the TDR falls steadily about 2 to 3 
Ohms from about 100 Ohms to about 97 Ohms. The trace 24, 
representing the second combination of the die, the printed 
circuit board and the 100 Ohm transmission line, follows the 
trace 20 until just after 0.4 nanoseconds, Where a local maxi 
mum value of about 90 Ohms is reached at approximately 
0.45 nanoseconds. From the local maximum at about 0.45 
nanoseconds the TDR falls until a second minimum value of 
about 82 Ohms is reached at approximately 0.575 nanosec 
onds. From 0.575 nanoseconds to about 0.8 nanoseconds the 
TDR rises from the local minimum of about 82 Ohms to about 
96 Ohms. The TDR for the second combination remains at 
approximately 96 Ohms from about 0.8 nanoseconds to 1.0 
nanosecond. 

[0012] FIG. 3 illustrates the return loss in decibels (dB) vs. 
frequency in gigahertZ (GHZ) for the ?rst combination 
(printed-circuit board and a conventional 100 Ohm package) 
and the second combination (the die, the printed-circuit board 
and the conventional 100 Ohm transmission line). Trace 30 
represents a speci?ed or minimum return loss as published by 
the CEI. As shoWn by trace 34, return loss increases from 
about —45 dB at 0 GHZ to about —15 dB at 1.4 GHZ. There 
after, the return loss falls from the local maximum of about 
—15 dB to about —30 dB at approximately 2.4 GHZ. From the 
local minimum at approximately 2.4 GHZ, the return loss 
increases until about 4.75 GHZ. From just under the local 
maximum level at 4.75 GHZ to about 5.2 GHZ, the return loss 
overlaps the speci?ed return loss. That is, the return loss is out 
of speci?cation for signals of about 4.75 GHZ to about 5.2 
GHZ. 

[0013] There are 3 possible Ways to improve an impedance 
mismatch, all of Which are called “impedance matching.” The 
?rst Way to improve an impedance mismatch is to present an 
apparent load to the source of RZOMFRSOWCQ>X< (complex con 
jugate matching). The second Way to improve an impedance 
mismatch is to present an apparent load of RZOGdIRh-M (com 
plex impedance matching), to avoid echoes. Given a trans 
mission line source With ?xed-source impedance, this 
“re?ectionless” impedance matching at the end of the trans 
mission line is a possible Way to avoid re?ecting echoes back 
to the transmission line. The third Way to improve an imped 
ance mismatch uses devices intended to present an apparent 
source resistance as close to Zero as possible, or presents an 

apparent source voltage that is as high in magnitude as pos 
sible. 

[0014] Transformers and combinations of resistors, induc 
tors and capacitors have been used to match electrical imped 
ances. These impedance matching devices are optimiZed for 
different applications, and are called baluns, antenna tuners, 
acoustic horns, matching netWorks, and terminators. 
[0015] Transformers can match the impedances of circuits 
With different impedances. A transformer converts altemat 
ing current at one voltage to the same Waveform at another 
voltage. The poWer input to the transformer and output from 
the transformer is the same absent conversion losses in the 
transformer. The Winding With the loWer voltage is at loW 
impedance, because this Winding has the loWer number of 
turns, and the Winding With the higher voltage is at a higher 
impedance as it has more turns in its coil. Resistive imped 
ance matches are easiest to design and are used to transfer 
loW-poWer signals, such as unampli?ed audio or radio-fre 
quency signals in a radio receiver. Almost all digital circuits 
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use resistive impedance matching Which is usually built into 
the structure of the sWitching element. 
[0016] Transformers and combinations of resistors, induc 
tors and capacitors, if used to match the impedance of trans 
mission lines in an integrated circuit, Would require addi 
tional circuit area and additional poWer. Therefore, it Would 
be desirable to reduce return loss such that integrated circuits 
and printed circuit board combinations, as Well as integrated 
circuit assemblies that include a combination of an integrated 
circuit, a printed circuit board and a die could exceed a speci 
?ed return loss over a broader range of operating frequencies 
absent transformers and additional circuitry. 

SUMMARY 

[0017] An embodiment of a transmission line includes a 
pair of adjacent conductors in an integrated circuit having a 
?rst end and a second end. The ?rst end has a ?rst impedance 
that approximates the impedance of a ?rst external element 
designated for coupling to the ?rst end over a range of signal 
frequencies carried by the transmission line. The second end 
has a second impedance that approximates the impedance of 
a second external element designated for coupling to the 
second end over the range of signal frequencies carried by the 
transmission line. 
[0018] An embodiment of a method for designing an inte 
grated circuit assembly includes the steps of identifying a 
range of frequencies that are desired for application to a 
transmission line, the transmission line comprising a pair of 
adjacent conductors having a ?rst end and a second end 
opposed to the ?rst end. Thereafter, identifying a ?rst element 
designated for coupling to the ?rst end of the transmission 
line and determining an impedance of the ?rst element over 
the range of frequencies. In addition, identifying a second 
element designated for coupling to the second end of the 
transmission line and determining a desired impedance of the 
second element over the range of frequencies. Then, segment 
ing the transmission line to match the impedance of the ?rst 
element and the impedance of the second element over the 
range of frequencies at both the ?rst end and the second end 
of the transmission line such that segmenting comprises set 
ting a constant Width and a constant length for each segment. 
[0019] An embodiment of a method for reducing return loss 
in a circuit assembly includes the steps of identifying a range 
of frequencies that are desired for application to a transmis 
sion line in an integrated circuit of the circuit assembly. 
Thereafter, determining a ?rst impedance of a ?rst element 
over the range of frequencies, the ?rst element designated for 
coupling to a ?rst end of the transmission line and determin 
ing a second impedance of a second element over the range of 
frequencies, the second element designated for coupling to a 
second end of the transmission line. Then, varying one or 
more characteristics of a pair of conductors forming the trans 
mission line from the ?rst end to the second end such that the 
impedance of the transmission line at the ?rst end matches the 
impedance of the ?rst element and the impedance of the 
transmission line at the second end matches the impedance of 
the second element over the identi?ed range of frequencies. 
[0020] The ?gures and detailed description that folloW are 
not exhaustive. The disclosed embodiments are illustrated 
and described to enable one of ordinary skill to make and use 
the integrated circuits, methods for designing the same and 
methods for reducing return loss in an integrated circuit 
assembly. Other embodiments, features and advantages of the 
integrated circuits and methods Will be or Will become appar 
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ent to those skilled in the art upon examination of the folloW 
ing ?gures and detailed description. All such additional 
embodiments, features and advantages are Within the scope of 
the integrated circuits, assemblies and methods as de?ned in 
the accompanying claims. 

BRIEF DESCRIPTION OF THE FIGURES 

[0021] The integrated circuit transmission lines, methods 
for designing integrated circuits using the same and methods 
for improving return loss can be better understood With ref 
erence to the folloWing ?gures. The components Within the 
?gures are not necessarily to scale, emphasis instead being 
placed upon clearly illustrating the principles of adjusting 
physical characteristics of adjacent pairs of conductors form 
ing a transmission line for improving return loss in integrated 
circuits and circuit assemblies. Moreover, in the ?gures, like 
reference numerals designate corresponding parts throughout 
the different vieWs. 
[0022] FIG. 1 is a simpli?ed circuit diagram of an embodi 
ment of a metalliZation layer in an integrated circuit. 
[0023] FIG. 2 is a plot illustrating time domain re?ectom 
etry data for tWo example integrated circuit assemblies. 
[0024] FIG. 3 is a plot illustrating return loss data for the 
tWo example integrated circuit assemblies of FIG. 2. 
[0025] FIG. 4 is a top plan vieW of an embodiment of an 
improved metalliZation layer of an integrated circuit. 
[0026] FIG. 5 is a top plan vieW of an alternative embodi 
ment of an improved metalliZation layer of an integrated 
circuit. 
[0027] FIG. 6 is a plot illustrating time domain re?ectom 
etry data for circuits using the improved metalliZation layers 
of FIGS. 4 and 5. 
[0028] FIG. 7 is a plot illustrating return loss data for cir 
cuits using the improved metalliZation layers of FIGS. 4 and 
5. 
[0029] FIG. 8 is a top plan vieW illustrating a third embodi 
ment of an improved metalliZation layer of an integrated 
circuit. 
[0030] FIG. 9 is a top plan vieW illustrating a fourth 
embodiment of an improved metalliZation layer of an inte 
grated circuit. 
[0031] FIG. 10 is a top plan vieW illustrating a ?fth embodi 
ment of an improved metalliZation layer of an integrated 
circuit. 
[0032] FIG. 11 is a How diagram illustrating an embodi 
ment of a method for designing an integrated circuit assem 
bly. 
[0033] FIG. 12 is a How diagram illustrating an embodi 
ment of a method for reducing return loss in an integrated 
circuit assembly. 

DETAILED DESCRIPTION 

[0034] Embodiments of an integrated circuit and integrated 
circuit assemblies With reduced return loss use an improved 
approach in integrated circuit transmission line design. Spe 
ci?cally, transmission lines are arranged or con?gured to 
match the impedance at opposing ends of the transmission 
line over a frequency range of interest. By modifying one or 
more characteristics of the paired conductors forming a trans 
mission line across the length of the transmission line, from a 
?rst end coupled to a ?rst external element to a second end 
coupled to a second external element, circuit re?ections are 
reduced and return loss is improved (i .e., reduced). At the ?rst 
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end, the transmission line has a ?rst impedance designed to 
match the impedance of the circuit element designated to be 
coupled to the transmission line at the ?rst end over the 
frequency range of interest. At the second or opposing end, 
the transmission line has a second impedance designed to 
match the impedance of a second circuit element designated 
to be coupled to the opposing end of the transmission line 
over the frequency range of interest. The improved approach 
reduces return loss of circuit assemblies using integrated 
circuits With the improved transmission lines over a band of 
frequencies Where it is dif?cult to meet speci?ed return loss 
levels. 
[0035] An improved transmission line, methods for design 
ing integrated circuits using the same and methods for 
improving return loss in an integrated circuit assembly to be 
described beloW Will be described in the context of an inte 
grated circuit, or a number of integrated circuit portions 
formed on a single die, also referred to as a “chip,” and 
integrated into an integrated circuit (IC) package. Example 
combinations include a printed circuit board and the 
improved integrated circuit as Well as a printed circuit board, 
the improved integrated circuit and a die. HoWever, the 
improved transmission line can be implemented in any cir 
cuitry in Which it is desirable to match impedance of a trans 
mission line and thereby reduce return loss. 
[0036] Although each of the illustrated embodiments 
includes integrated circuits With respective transmission lines 
arranged substantially along the longitudinal axis of a sub 
strate, the transmission lines are not so limited. For example, 
transmission lines may be arranged With turns to avoid 
devices or active circuits on the integrated circuit. Further 
more, transmission lines may traverse layers of a multi-layer 
integrated circuit. 
[0037] FIG. 4 is a top plan vieW of an embodiment of an 
improved metalliZation layer 400 of an integrated circuit. For 
simplicity of description, a small number of conductors are 
included. Typically, many more conductors are part of the 
metalliZation layer 400. Furthermore, the conductors are not 
illustrated to scale. 

[0038] The improved metalliZation layer 400 includes 
ground 12 and ground 14 arranged along opposing edges of a 
substrate 401. A transmission line 402 including a pair of 
conductors is arranged betWeen the ground 12 and the ground 
14. The transmission line 402 has a ?rst end 404, Where a 
circuit element intended to be coupled to the transmission line 
402 has a ?rst impedance. In the illustrated embodiment, the 
?rst impedance is about 82 Ohms. The transmission line 402 
has a second end 406 opposed to the ?rst end 404. The second 
end 406 of the transmission line 402 is intended to be coupled 
to a second circuit element having a second impedance. In the 
illustrated embodiment, the second impedance is about 90 
Ohms. 
[0039] The transmission line 402 includes a ?rst conductor 
410 and a second conductor 420. The ?rst conductor 410 
includes a ?rst edge 414 and an opposing edge 413. The 
opposing edge 413 is tapered or skeWed With respect to the 
?rst edge 414 such that the Width of the conductor 410 varies 
from a ?rst Width Wl proximal the second end 406 to a second 
Width W2 proximal the ?rst end 404. In the illustrated 
embodiment, the second Width W2 is Wider than the ?rst 
Width W1. HoWever, the ?rst Width may be Wider than the 
second Width. The second conductor 420 includes an adjacent 
edge 424 and an opposing edge 423. The opposing edge 423 
is tapered or skeWed With respect to the adjacent edge 424 
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such that the Width of the conductor 420 varies from a ?rst 
Width Wl proximal the second end 406 to a second Width W2 
proximal the ?rst end 404. The ?rst Width W 1 and the second 
Width W2 of the respective conductors forming the transmis 
sion line 402 are approximately the same. 

[0040] The ?rst conductor 410 and the second conductor 
420 are arranged substantially along the longitudinal axis of 
the substrate 401 and substantially in parallel With ground 12 
and ground 14. The transmission line 402 is not so limited. As 
indicated above, the transmission line 402 may be arranged 
With turns to avoid devices or active circuits on the substrate 
401. In addition, the transmission line 402 may traverse mul 
tiple layers of a multi-layer integrated circuit or be coupled 
across different layers using a via. A ?rst via 430 couples the 
?rst conductor 410 to one or more circuit elements (not 
shoWn). A second via 440 couples the second conductor 420 
to one or more circuit elements (not shoWn). Example circuit 
elements include a source, a load, a printed circuit board, an 
integrated circuit, a die, etc. 
[0041] The ?rst edge 414 of the ?rst conductor 410 is 
arranged substantially parallel to the adjacent edge 424 of the 
second conductor 420. The ?rst edge 414 and the adjacent 
edge 424 are separated by a distance D lalong the length of the 
transmission line 402. The impedance as seen from the ?rst 
end 404 of the transmission line 402 (i.e., 82 Ohms) and the 
impedance as seen from the second end 406 of the transmis 
sion line 402 (i.e. 90 Ohms) varies as a function of the Width 
of the conductors forming the transmission line 402. 
[0042] FIG. 5 is a top plan vieW of an alternative embodi 
ment of an improved metalliZation layer 500 of an integrated 
circuit. For simplicity of description, a small number of con 
ductors are shoWn. Furthermore, the conductors are not illus 
trated to scale. 

[0043] The improved metalliZation layer 500 includes 
ground 12 and ground 14 along opposing edges of a substrate 
501. A transmission line 502 including a pair of conductors is 
arranged betWeen the ground 12 and the ground 14. The 
transmission line 502 has a ?rst end 504, Where a circuit 
element intended to be coupled to the transmission line 502 
has a ?rst impedance of about 90 Ohms. The transmission line 
502 has a second end 506 opposed to the ?rst end 504. The 
second end 506 of the transmission line 502 is intended to be 
coupled to a second circuit element having a second imped 
ance of about 82 Ohms. 

[0044] The transmission line 502 includes a ?rst conductor 
510 and a second conductor 520. The ?rst conductor 510 
includes a ?rst edge 514 and an opposing edge 513. The ?rst 
edge 514 is substantially parallel to the opposing edge 513. 
Both the ?rst edge 514 and the opposing edge 513 are skeWed 
With respect to the ground 12 and the ground 14 such that the 
conductor 510 is further from ground 12 (and closer to the 
ground 14) at the second end 506 than at the ?rst end 504. The 
second conductor 520 includes an adjacent edge 524 and an 
opposing edge 523. The adjacent edge 524 is substantially 
parallel to the opposing edge 513. Both the adjacent edge 524 
and the opposing edge are skeWed With respect to the ground 
12 and the ground 14 such that the conductor 520 is further 
from ground 14 (and closer to the ground 12) at the second 
end 506 than at the ?rst end 504. 
[0045] While the ?rst conductor 510 and the second con 
ductor 520 are arranged such that a signal traversing the 
substrate 501 from the ?rst end 504 of the transmission line 
502 to the second end 506 of the transmission line 502 moves 
doWn the longitudinal axis of the substrate 501. The trans 
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mission line 502 is not so limited. As indicated above, the 
transmission line 502 may be arranged With turns to avoid 
devices or active circuits on the substrate 501. In addition, the 
transmission line 502 may traverse multiple layers of a multi 
layer integrated circuit or be coupled across different layers 
using a via (not shoWn). It should be understood that such a 
via may be con?gured to match a local impedance of the 
transmission line 502 at the intersection of the corresponding 
conductor and the via. Example circuit elements that can be 
coupled to the transmission line 502 include a source, a load, 
a printed circuit board, an integrated circuit, a die, etc. 
[0046] The ?rst conductor 510 and the second conductor 
520 are arranged such that the distance betWeen the ?rst 
conductor 510 and the second conductor 520 varies from a 
?rst separation distance D2 proximal to the ?rst end 504 to a 
second separation distance D3 proximal to the second end 
506. The ?rst separation distance D2 is longer than the second 
separation distance D3. Due to electromagnetic coupling 
effects, the impedance as seen from the ?rst end 504 of the 
transmission line 502 (i.e., 90 Ohms) and the impedance as 
seen from the second end 506 of the transmission line 502 (i.e. 
82 Ohms) varies as a function of the distance betWeen the ?rst 
conductor 510 and the second conductor 520 forming the 
transmission line 502. 
[0047] FIG. 6 is a plot illustrating TDR data for circuit 
assemblies using the improved metalliZation layers of FIGS. 
4 and 5. FIG. 6 illustrates the TDR data for a ?rst combination 
of a printed-circuit board and an improved integrated circuit 
package, as Well as a second combination of a die, a printed 
circuit board and an improved integrated circuit package. An 
improved integrated circuit package includes one or transmis 
sion lines With a characteristic that varies along the length of 
the transmission line. The plot shoWs time in nanoseconds 
from a reference time of 0.0 nanoseconds at the left most side 
of the plot to 0.8 nanoseconds at the right most side of the plot 
vs. impedance in Ohms over a range of 70 to 105. 

[0048] As indicated by the trace 620 the ?rst combination 
of the printed circuit board and the improved integrated cir 
cuit package has a TDR of approximately 100 Ohms from 0.0 
nanoseconds to nearly 0.25 nanoseconds. From approxi 
mately 0.25 nanoseconds to about 0.32 nanoseconds, the 
TDR falls to a plateau of approximately 82 Ohms. The plateau 
extends to about 0.42 nanoseconds, after Which the TDR 
gradually falls to a local minimum of approximately 72 Ohms 
at about 0.56 nanoseconds. Thereafter, from betWeen 
approximately 0.56 nanoseconds and 0.68 nanoseconds, the 
TDR rises until the TDR reaches about 95 Ohms. The trace 
624, representing the second combination of the die, the 
printed-circuit board and the improved integrated circuit 
package, folloWs the trace 620 from 0.0 nanoseconds until 
just after 0.4 nanoseconds, Where the TDR rises from the 
plateau at about 82 Ohms to about 97 Ohms at 0.58 nanosec 
onds. Thereafter, the TDR data falls slightly over the range 
from about 0.60 nanoseconds to 0.8 nanoseconds. 

[0049] When compared to the TDR data for the combina 
tion of the printed-circuit board and a conventional 100 Ohm 
package and the combination of the die, printed-circuit board 
and the 100 Ohm package in FIG. 2, it is apparent that the 
impedance of the ?rst and second circuit assembly combina 
tions With the improved integrated circuit package is reduced 
over the range of about 0.35 nanoseconds to about 0.6 nano 
seconds. 

[0050] FIG. 7 is a plot illustrating return loss data for circuit 
assemblies using the improved metalliZation layers of FIGS. 
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4 and 5. FIG. 7 shows return loss in decibels (dB) vs. fre 
quency in gigahertZ (GHZ) for a ?rst combination of a 
printed-circuit board and an improved integrated circuit pack 
age and a second combination of a die, a printed-circuit board 
and the improved integrated circuit package. An improved 
integrated circuit package includes one or transmission lines 
With a characteristic that varies along the length of the trans 
mission line. The plot in FIG. 7 shoWs frequency in GHZ from 
a reference of 0.0 GHZ at the left most side of the plot to 9.0 
GHZ at the right most side of the plot vs. return loss in decibels 
(dB) over a range of —45.0 dB to —5.0 dB. 

[0051] Trace 30 represents a speci?ed or maximum return 
loss as published by the CEl. As shoWn by trace 734, return 
loss increases from about —45 dB at 0 GHZ to about —12 dB at 
1.4 GHZ. Thereafter, the return loss falls from the local maxi 
mum of about —12 dB to about —22 dB at approximately 2.9 
GHZ. From the local minimum at approximately 2.9 GHZ, the 
return loss increases until about 5 .0 GHZ, Where a local maxi 
mum value of about —12 dB is reached. From the local maxi 
mum at approximately 5.0 GHZ, the return loss decreases 
until about 7.0 GHZ, Where the return loss is approximately 
—24.0 dB. From the local minimum at approximately 7.0 
GHZ, the return loss increases to about —6 dB at about 9.0 
GHZ. It is clear from the plot of FIG. 7 that the return loss for 
the circuit assembly (printed circuit board, improved inte 
grated circuit package and die) remains under the speci?ed 
maximum return loss over the entire range of signal frequen 
cies. 

[0052] For some circuit assemblies, a desired impedance of 
a circuit element coupled to a transmission line varies over a 
greater range of impedance values than the improved metal 
liZation layers of FIG. 4 and FIG. 5 can support. This is 
especially true for circuit assemblies that are designated for 
operation using a range of signal frequencies. It has been 
determined that an integrated circuit based transmission line 
can support a range of impedance values from about 100 
Ohms to under 40 Ohms at operating frequencies of approxi 
mately 10 GHZ. 
[0053] FIG. 8 is a top plan vieW illustrating a third embodi 
ment of an improved metalliZation layer 800 of an integrated 
circuit. The metalliZation layer 800 includes a pair of seg 
mented conductors. For simplicity of description, only a 
single transmission line 802 is included. Furthermore, the 
conductors forming the single transmission line 802 are illus 
trated in scale With respect to each other. The transmission 
line 802 is not to scale With respect to the substrate 801. 
[0054] The improved metalliZation layer 800 includes a 
transmission line 802 With a ?rst end 804, Where a circuit 
element intended to be coupled to the transmission line 802 
has an impedance of about Zl Ohms. The transmission line 
802 has a second end 806 opposed to the ?rst end 804. The 
second end 806 of the transmission line 802 is intended to be 
coupled to a second circuit element having an impedance of 
about Z2 Ohms. 
[0055] The transmission line 802 includes a ?rst conductor 
810 and a second conductor 820. The ?rst conductor 810 and 
the second conductor 820 are con?gured substantially alike. 
For simplicity and economy of illustration and description, 
only the details of the second conductor 820 are illustrated in 
FIG. 8 and described herein. It should be understood that such 
details are also associated With the ?rst conductor 810 of the 
transmission line 802. 
[0056] The second conductor 820 includes a ?rst or refer 
ence edge 828 against Which a plurality of segments is 
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arranged to the right. The segments are arranged sequentially 
from the ?rst end 804 to the second end 806 of the second 
conductor 820. An optional segment 826 located closest to the 
?rst end 804 Will be described in greater detail beloW. A ?rst 
segment 821 is de?ned by a Width of WS 1 and a length of LS l . 
A second segment 822 is provided adjacent and beloW the ?rst 
segment 821. The second segment 822 is de?ned by a Width 
WS2 and a length of LS2. A third segment 823 is provided 
adjacent and beloW the second segment 822. The third seg 
ment 823 is de?ned by a Width WS3 and a length of LS3. A 
fourth segment 824 is provided adjacent and beloW the third 
segment 823. The fourth segment 824 is de?ned by a Width 
WS4 and a length of LS4. A ?fth segment 825 is provided 
adjacent and beloW the fourth segment 824. The ?fth segment 
825 is de?ned by a Width WS5 and a length of LS5. 
[0057] Each of the respective segment lengths is de?ned 
along the transmission line 802 betWeen the ?rst end 804 and 
the second end 806. Each respective length is selected to 
generate a respective resonant frequency. That is, that seg 
ment of the transmission line 802 Will resonate When a signal 
is present on the transmission line 802 and operating at the 
resonant frequency. While the return loss of the transmission 
line 802 at these speci?c resonant frequencies may increase, 
the series combination of the segments alloWs the transmis 
sion line 802 to carry signals With improved (i.e., reduced) 
return loss over a broad range of frequencies. The applicants 
have realiZed an improvement of 3 dB to 4 dB in return loss in 
circuit assemblies using the improved transmission line 802 
over a range of frequencies from about 4.5 GHZ to 5.5 GHZ, 
Where it has been dif?cult for circuit assemblies employing 
conventional 100 Ohm transmission lines to meet the CEl 
speci?cation. 
[0058] The respective segment Widths of the ?rst segment 
821, the second segment 822, the third segment 823, the 
fourth segment 824 and the ?fth segment 825 decrease in 
magnitude to increase the impedance along the transmission 
line 802 from Zl to Z2. That is, Z2>Zl. 
[0059] The ?rst conductor 810 includes a ?rst or reference 
edge 818 against Which a plurality of segments is arranged to 
the left. The reference edge 818 of the ?rst conductor 810 is 
arranged substantially parallel to the reference edge 828 of 
the second conductor 820. The reference edge 818 and the 
reference edge 828 are separated by a distance D4 along the 
length of the transmission line 802. 
[0060] The ?rst conductor 810 and the second conductor 
820 are arranged substantially along the longitudinal axis of 
the substrate 801. The transmission line 802 is not so limited. 
As indicated above, the transmission line 802 may be 
arranged With turns to avoid devices or active circuits on the 
substrate 801. In addition, the transmission line 802 may 
traverse layers of a multi-layer integrated circuit or be 
coupled using a via (not shoWn). Example circuit elements 
that can be coupled to the transmission line 802 include a 
source, a load, a printed circuit board, an integrated circuit, a 
die, etc. 
[0061] FIG. 9 is a top plan vieW illustrating a fourth 
embodiment of an improved metalliZation layer 900 of an 
integrated circuit. The metalliZation layer 900 includes a pair 
of segmented conductors. For simplicity of description, only 
a single transmission line 902 is included. Furthermore, the 
conductors forming the single transmission line 902 are illus 
trated in scale With respect to each other. The transmission 
line 902 is not to scale With respect to the substrate 901. 
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[0062] The improved metalliZation layer 900 includes a 
transmission line 902 With a ?rst end 904, Where a circuit 
element intended to be coupled to the transmission line 902 
has an impedance of about Zl Ohms. The transmission line 
902 has a second end 906 opposed to the ?rst end 904. The 
second end 906 of the transmission line 902 is intended to be 
coupled to a second circuit element having an impedance of 
about Z2 Ohms. 
[0063] The transmission line 902 includes a ?rst conductor 
910 and a second conductor 920. The ?rst conductor 910 and 
the second conductor 920 are con?gured substantially alike. 
For simplicity and economy of illustration and description, 
only the details of the second conductor 920 are illustrated in 
FIG. 9 and described herein. It should be understood that such 
details are also associated With the ?rst conductor 910 of the 
transmission line 902. 
[0064] The second conductor 920 includes a plurality of 
segments arranged about a centerline 929. (The ?rst conduc 
tor 910 includes a plurality of similarly con?gured segments 
arranged about a respective centerline 919.) The segments are 
arranged sequentially from the ?rst end 904 to the second end 
906 of the second conductor 920. An optional segment 926 
located closest to the ?rst end 904 Will be described in greater 
detail beloW. A ?rst segment 921 is de?ned by a Width of WS 1 
and a length of LS1. A second segment 922 is provided adja 
cent and beloW the ?rst segment 921. The second segment 
922 is de?ned by a Width WS2 and a length of LS2. A third 
segment 923 is provided adjacent and beloW the second seg 
ment 922. The third segment 923 is de?ned by a Width W83 
and a length of LS3. A fourth segment 924 is provided adja 
cent and beloW the third segment 923. The fourth segment 
924 is de?ned by a Width WS4 and a length of LS4. A ?fth 
segment 925 is provided adjacent and beloW the fourth seg 
ment 924. The ?fth segment 925 is de?ned by a Width WS5 
and a length of LS5. 
[0065] Each of the respective segment lengths is de?ned 
along the transmission line 902 betWeen the ?rst end 904 and 
the second end 906. Each respective length is selected to 
generate a respective resonant frequency. That is, that seg 
ment of the transmission line 902 Will resonate When a signal 
is present on the transmission line 902 and operating at the 
resonant frequency. While the return loss of the transmission 
line 902 at these speci?c resonant frequencies may increase, 
the series combination of the segments alloWs the transmis 
sion line 902 to carry signals With improved (i.e., reduced) 
return loss over a broad range of frequencies. The applicants 
have realiZed an improvement of 3 dB to 4 dB in return loss in 
circuit assemblies using the improved transmission line 902 
over a range of frequencies from about 4.5 GHZ to 5.5 GHZ, 
Where it has been dif?cult for circuit assemblies employing 
conventional 100 Ohm transmission lines to meet the CEl 
speci?cation. 
[0066] The respective segment Widths of the ?rst segment 
921, the second segment 922, the third segment 923, the 
fourth segment 924 and the ?fth segment 925 decrease in 
magnitude to increase the impedance along the transmission 
line 902 from Zl to Z2. That is, Z2>Zl. 
[0067] The ?rst conductor 910 and the second conductor 
920 are separated by a distance D5 de?ned from centerline 
919 to centerline 929 along the length of the transmission line 
902. 
[0068] The ?rst conductor 910 and the second conductor 
920 are arranged substantially along the longitudinal axis of 
the substrate 901. The transmission line 902 is not so limited. 
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As indicated above, the transmission line 902 may be 
arranged With turns to avoid devices or active circuits on the 
substrate 901. In addition, the transmission line 902 may 
traverse layers of a multi-layer integrated circuit or be 
coupled using a via (not shoWn). Example circuit elements 
that can be coupled to the transmission line 902 include a 
source, a load, a printed circuit board, an integrated circuit, a 
die, etc. 
[0069] FIG. 10 is a top plan vieW illustrating a fourth 
embodiment of an improved metalliZation layer 1000 of an 
integrated circuit. The metalliZation layer 1000 includes a 
pair of segmented conductors. For simplicity of description, 
only a single transmission line 1002 is included. Furthermore, 
the conductors forming the single transmission line 1002 are 
illustrated in scale With respect to each other. The transmis 
sion line 1002 is not to scale With respect to the substrate 
1001. 

[0070] The improved metalliZation layer 1000 includes a 
transmission line 1002 With a ?rst end 1004, Where a circuit 
element intended to be coupled to the transmission line 1002 
has an impedance of about Zl Ohms. The transmission line 
1002 has a second end 1006 opposed to the ?rst end 1004. The 
second end 1006 of the transmission line 1002 is intended to 
be coupled to a second circuit element having an impedance 
of about Z2 Ohms. 
[0071] The transmission line 1002 includes a ?rst conduc 
tor 1010 and a second conductor 1020. The ?rst conductor 
1010 and the second conductor 1020 are con?gured substan 
tially alike. For simplicity and economy of illustration and 
description, only the details of the second conductor 1020 are 
illustrated in FIG. 10 and described herein. It should be under 
stood that such details are also associated With the ?rst con 
ductor 1010 of the transmission line 1002. 

[0072] The second conductor 1020 includes a plurality of 
segments arranged about a common edge 1029. (The ?rst 
conductor 1010 includes a plurality of similarly con?gured 
segments arranged about an opposing common edge 1019.) 
The segments are arranged sequentially from the ?rst end 
1004 to the second end 1006 of the second conductor 1020. 
An optional segment 1026 located closest to the ?rst end 1004 
Will be described in greater detail beloW. A ?rst segment 1021 
is de?ned by a Width of WSl and a length of LS1. A second 
segment 1022 is provided adjacent and beloW the ?rst seg 
ment 1021. The second segment 1022 is de?ned by a Width 
WS2 and a length of LS2. A third segment 1023 is provided 
adjacent and beloW the second segment 1022. The third seg 
ment 1023 is de?ned by a Width WS3 and a length of LS3. A 
fourth segment 1024 is provided adjacent and beloW the third 
segment 1023. The fourth segment 1024 is de?ned by a Width 
WS4 and a length of LS4. A ?fth segment 1025 is provided 
adjacent and beloW the fourth segment 1024. The ?fth seg 
ment 1025 is de?ned by a Width WS5 and a length of LS5. 
[0073] Each of the respective segment lengths is de?ned 
along the transmission line 1002 betWeen the ?rst end 1004 
and the second end 1006. Each respective length is selected to 
generate a respective resonant frequency. That is, that seg 
ment of the transmission line 1002 Will resonate When a signal 
is present on the transmission line 1002 and operating at the 
resonant frequency. While the return loss of the transmission 
line 1002 at these speci?c resonant frequencies may increase, 
the series combination of the segments alloWs the transmis 
sion line 1002 to carry signals With improved (i.e., reduced) 
return loss over a broad range of frequencies. The applicants 
have realiZed an improvement of 3 dB to 4 dB in return loss in 
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circuit assemblies using the improved transmission line 1002 
over a range of frequencies from about 4.5 GHZ to 5.5 GHZ, 
Where it has been dif?cult for circuit assemblies employing 
conventional 100 Ohm transmission lines to meet the CEI 
speci?cation. 
[0074] The respective segment Widths of the ?rst segment 
1021, the second segment 1022, the third segment 1023, the 
fourth segment 1024 and the ?fth segment 1025 decrease in 
magnitude to increase the impedance along the transmission 
line 1002 from Zl to Z2. That is, Z2>Zl. 
[0075] The ?rst conductor 1010 and the second conductor 
1020 are separated by a distance Dx de?ned from the respec 
tive adjacent edges of corresponding segments along the 
length of the transmission line 902. Dx varies and increases 
from the ?rst segment to the ?fth segment. 
[0076] The ?rst conductor 1010 and the second conductor 
1020 are arranged substantially along the longitudinal axis of 
the substrate 1001. The transmission line 1002 is not so lim 
ited. As indicated above, the transmission line 1002 may be 
arranged With turns to avoid devices or active circuits on the 
substrate 1001. In addition, the transmission line 1002 may 
traverse layers of a multi-layer integrated circuit or be 
coupled using a via (not shoWn). Example circuit elements 
that can be coupled to the transmission line 1002 include a 
source, a load, a printed circuit board, an integrated circuit, a 
die, etc. 
[0077] As described in association With the embodiments 
illustrated in FIGS. 8-10, each of the segments forming a 
respective conductor of the transmission line is arranged With 
a segment length and a segment Width. The segment length 
and the segment Width are substantially constant over the 
entire segment. When other characteristics of the transmis 
sion line remain constant, as the Width of the conductor pairs 
decreases the impedance increases. Thus, a relatively nar 
roWer segment Will present a greater impedance than a rela 
tively Wider segment. The respective lengths of each segment 
forming the transmission line are selected to generate 
improved return loss data over a greater range of frequencies 
than that possible When a common length is shared by each 
segment. The combination of the segment length and the 
relatively abrupt change in the Width at the intersection 
betWeen segments creates a resonant frequency Within each 
segment. The series combination of segments With select and 
different resonant frequencies generates improved return loss 
over a greater range of frequencies than a single segment 
Where Width alone is varied across the length of the segment. 
[0078] In general, the respective Widths of each segment 
forming a transmission line Will decrease along the length of 
the transmission line as a signal traverses from a ?rst end With 
a loWer impedance to a second end With a higher impedance. 
HoWever, it is possible to generate improved return loss data 
over a greater range of frequencies by adding one or more 
optional segments With a relatively narroWer Width at the end 
of the transmission line With a loWer target or desired imped 
ance. Each of the optional segment 826 (FIG. 8), the optional 
segment 926 (FIG. 9) and the optional segment 1026 (FIG. 
10) is de?ned by a Width WS6 and a length LS6 that remains 
substantially the same across the segment. Such a segmented 
transmission line (e.g., the transmission line 802 of FIG. 8 
With the optional sixth segment 826, the transmission line 902 
of FIG. 9 With the optional sixth segment 926, or the trans 
mission line 1002 of FIG. 10 With the optional sixth segment 
1026) Will present a slightly higher return loss for signals in 
the range of about 1 GHZ to about 2 GHZ than that observed 
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for signals applied to a transmission line Without the optional 
segment. In return for the higher return loss over the relatively 
loWer frequencies, the return loss for signals in the range of 
about 4 GHZ to 10 GHZ is reduced. 

[0079] As further described in association With the embodi 
ments illustrated in FIGS. 8-10, the distance betWeen the 
respective conductors of a segmented transmission line can 
be controlled in at least three Ways. A ?rst option includes 
arranging adjacent edges of the pair of conductors over each 
segment such that corresponding segments are separated by a 
common distance. A second option includes arranging the 
pair of adjacent conductors such that a distance betWeen 
respective centerlines of the adjacent conductors remains 
constant from a ?rst segment to a second segment or across all 

segments forming the transmission line. A third option 
includes arranging opposing edges of the pair of conductors 
such that the distance betWeen the opposing edges of the 
adjacent conductors remains constant across all segments 
forming the transmission line. 
[0080] FIG. 11 is a How diagram illustrating an embodi 
ment of a method 1100 for designing an integrated circuit 
assembly. Method 1100 begins With block 1102 Where an 
integrated circuit designer or a design tool identi?es a range 
of frequencies that are to be applied to a transmission line. As 
further indicated in block 11 02, the transmission line includes 
a pair of adjacent conductors having a ?rst end and a second 
end. In block 1104, a ?rst element designated for coupling to 
the ?rst end of the transmission line is identi?ed. In block 
1106, a ?rst impedance of the ?rst element over the range of 
frequencies is identi?ed. In block 1108, a second element 
designated for coupling to the second end of the transmission 
line is identi?ed. In block 1110, a second impedance of the 
second element over the range of frequencies is identi?ed. As 
further indicated in block 1110, the second impedance is 
different than the ?rst impedance over the range of frequen 
cies. Thereafter, as indicated in block 1112, the transmission 
line is segmented to match the ?rst impedance of the ?rst 
element designated for coupling to the ?rst end of the trans 
mission line and to match the second impedance of the second 
element designated for coupling to the second end of the 
transmission line. 

[0081] Exemplary steps for designing an integrated circuit 
assembly are illustrated in FIG. 11. The particular sequence 
of the steps or functions in blocks 1102 through 1110 is 
presented for illustration. It should be understood that the 
order of the steps or functions in blocks 1102 through 1110 
can be performed in any other suitable order. 

[0082] FIG. 12 is a How diagram illustrating an embodi 
ment of a method 1200 for reducing return loss in an inte 
grated circuit assembly. Method 1200 begins With block 1202 
Where an integrated circuit designer or a design tool identi?es 
a range of frequencies that are to be applied to a transmission 
line in an integrated circuit of a circuit assembly. In block 
1204, a ?rst impedance of a ?rst element designated for 
coupling to a ?rst end of the transmission line is determined 
over the range of frequencies. In block 1206, a second imped 
ance of a second element designated for coupling to a second 
end of the transmission line is determined over the range of 
frequencies. Thereafter, as shoWn in block 1208, one or more 
characteristics of a pair of conductors forming the transmis 
sion line are varied from the ?rst end to the second end such 
that the impedance of the transmission line at the ?rst end 
matches the impedance of the ?rst element and the impedance 






